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i4

S SUMMARY

The predicted separation chtaracteristics of the W14%h-74C target drone, when
air launched from the DC-130A aircraft, are presented herein.

The analysis was accomplished with the aid of a six-degree-of-freedom digi-
tal computer simulation which incorporates analytically estimated airloads on
the target in the carriage position, the aircraft flow field (obtained both
analytically and from wind tunnel test data), target autopilot and engine
characteristics and the basic target aerodynamics.

A predicted safe launch is presented for a targ2t separating from a level
flying DC-130A aircraft. Variovs launch aircraft flight conditions, target
pitcb cormands, autopilot malfur.ctions with and without engine operation, and
locked control suriaces at their most unfavorable position for safe launch
were investigated. Launch aircraft true airspeeds of 160, 200, and 235 knots,
and altitude variations of 5000, 10,000, and 15,000 feet at a nominal airspeed
of 200 knots showed favorable target separation characteristics. Autopilot
malfunction with engine off case showed a satisfactory stable target separation
from the launch aircraft. The alternate case of autopilot malfunction with
engir on showed a safe separation but the target was unstable. The malfunc-
t0'ý,.g autopilot case, consisting of elevators locked at maximum travel posi-
tion limits, showed results of safe sepazation, but the target pitches up in
an unstable manner. A marginal target separation flight condition was encoun-
tered when a launch condition of maxinmum target aileron displacements w.as used.
This maximum aileron control condition produced large target roll angles,
resulting in wing tip clearance from the aircraft pylon of only 3.5 feet.
Releasing of the target under this adverse aileron control condition is not
recommended.

Preceding page blank

Lii

A



'X.- 7V4O 79- 30

TABLE OF C0NTENTS

Sl~g(&.RT . . c . .( 0 0 0 * g e 0 0 0 0 * 1 * * W ll

LIST OF FIGURES.... , , .a .o .o. . . . .e , a a , k ,, vii

LIST OF TABLES . . . . . . .• * * * * * * * * * * * * * * -* * x.

INTRODUCTION. • .e .• , • . ..... • .o # o o o e .e o o o * 1

SIDWLAATIOV ANALYSIS DESCRIPTION, . o o • • . 1 o 9 o

GEKERAL . e..... .e s .o s o o w o o * * 9 • o o o o e o a * I.

TARGET GENERAL DESCRIPTION . . . . . . . . •. . . . . . . . . o e * 2

TARGET CARRIAGE LOCATION . * o 60. . 9 ... .. *0 * * * 2

FREE STREAM AEROLMNAMICS ..... .. . 0 a *000@@ * • 2

ENGINE CHARACTERISTICS . . . . . , .. . . . . . . . . . . * * * 2

AUTOPILOT C'IARACTERISTICS. . . . . . . . . . . . . . . . . . . , o * 6

•,I ~INSTALLED AIRLOADS . . •. .. •... .. . . . .. . .. 6

AIRCRAFT FLOW FIELD. . .* . . , . . . , . . . • . . . . . . * * * • 6

SEPARATION ANALYSIS CONDITION,. . . .... .... 7

FLIGHT COmIITION AND CONFIGURATIONS .o .*. o • 7

R E S U L T S * • , , • • • • , • , , 7

FLOW FIELD EFFECT. . . . . . . . . . . . . o . . . . . . o . a

VELOC1Ti EFFECAt , . o o * * * s t oo. s o s o . . . • , , o o o 9 o 1

ALTITUDE EFFECT. . . . . . . . . . . . . . . . . . . . . . ..... l

AUTOPILOT PITCD COMMAND EFFECT . . . . . . . . . . . o . o . , . . . 111

SIDESLIP ANGLE EFFECT. . . . . . . . . . . . . . . . . . . o 112

FLOW FIELD CORRECTION FACTORS . . ....... . . . ... 112

AUTOPILOT AND ENG•NE FAILURE MODES EFFECT. . . ...... . . 112

CONCLUSIONaS, ............. ... . . . . . v o . 113

!FV

L -



NADC-74079-30

RECCMFI~aONS o oo 9 '11

RERECGNDAIES S 114 .********

vi



NADC- 74079-30

LIST OF FIGURES

Figure No. Page

1 1m-74 C General Arranrament .3n........... ,,,. 3

2 DC-130A With MQM-74C Targets on the Inboard and outboard
Pylons .. .. . . . . . . . .0. * • 5

3 MQM-74C Longitudinal Separation Trajectory. . . . . . . . . 9

4 KM-74C Lateral Separation Trajectory . . . .. .. .. . 10

5 MQM-74C Yaw Time History. ... , w e 0 * 0 * , II

6 MQM-74C Angle of Attack Time History. .. . . .* * * 9 12

7 MQM-74C Pitch Attitude and Elevator Defleccion Time History . 13

8 MQM-74C Roll Angle and Aileron Time History . . . . , . , , 14

9 MQM-74C Longitudinal Separation Trajectory. , , .... , , , 15

10 MQM-74C Lateral Separation Trajectory . . . . . .. . . 16

11 MQM-74C Yaw Time History. . . . , .. . . . , . 17

12 MQMi-74C Angle of Attack Time History.... . , .6. . . , . 18

13 MQM-74C Pitch Attitude and Elevator Deflection Time History 19

14 I4QM-74C Roll Angle and Aileron Time History . . . . . .&. 2()

15 MQM-74C Longitudinal Separation Trajectory. . * .. .e . . . 21

16 MQM-74C Laceral Separation Trajectory . . . . . ..... . 22

17 .MQM-74 C Yaw Time History ................... 23

18 M4QM-74C Angle of Attack Time History ....... , ..... 24

19 lrti-74C Pitch Attitude and Elevator Deflection Time Hist.ry . 25

20 MQM-74C Roll Angle and Aileron Time History . . . . . . . . . 26

21 P4.M-74C Longitudinal Separation Trajectory ....... . . 27

22 M4-74C Lateral Separation Trajectory ......... . . . 28

23 MMH-74C Yaw Time History ................... 29

vii



NADC- 74079-30

Figure No. ag

24 MQM-74C Angle of Attack Time History ..... .... .. 30

25 MKM-74C Pitch Attitude and Elevator Deflection Time History . 31

26 IM-74C 1vll Angle and Aileron Time History . .. .. . . . . 32

27 M[4-g-74C Longitudinal Separation Trajectory. .... . . . . . . 33

28 M4M--4C Lateral Sepa:ation Trajectory ... . o .... . 34

29 MQb-74C Yaw Time Hiatory ....... . . . . . . . . . . . 35

30 MIM-14C Angle of Attack Time History ..... . . .... . . 36

31 MlM-74C Pitch Attitude and Elevator Deflection Time History . 37

32 MlM-74C Roll Angle and Aileron Time History . . ..... . . 38

33 MQM-74C Longitudinal Separation Trajectory.... ... . e 39

34 M14T-74C Lateral Separatioi Trajectory . . o . . ..... . . 40

35 MQM-74C Yaw Time History. ............ . . . . . 41

36 MWM-74C Angle of Attack Time History... , . ..... . . . 42

37 MQW-74C Pitch Attitude and Elevator Deflection Time History . 43

38 IQM-74C Roll Angle and Aileron Time History . .. . . . . . . 44

39 MQ14-74C Pitch Rate Time History . .. . . . . . .. . . . . . 45

40 1fbi-74C Pitch Rate Time History . .. . . ......... 4b

41 MQM-74C Pitch Rate Time History . . .... ...... 47

42 Flight Path Angle vs. Time. . .*. . . . . . . . . . , . . 48

43 Flight path Angle vs. Time. . . . . . . .......... 49

44 Flight path Angle vs. Time. ... . . • . . ...... . 50

45 MQM-74C Longitudinal Separation Trajectory .......... 51

46 MQM-74C Lateral Separation Trajectory ......... . . 52

47 MQM-74C Yaw Time History. . ................ 53

48 MQM-74C Angle of Attack Time History . .......... . 54

viii



NADC- 74079- 30

Figure No. Xage

49 AIM-74C Pitch Attitude and Elevator Deflection Time History . 55

50 MQM-74C Roll Angle and Aileron Time History . . . ...... 56

45. M•M-74C Longitudinal Separation Trajectory . .. ..... 57

52 MQbl-74C Lateral Separation Trajeccory ............ 58

53 I6M-71, C Yaw Time History ....... ..... .. .. 59

54 MQM-74C Angle of Attack Time History ........... . 60

55 M•bM-74C Pitch Attitude and Elevator Deflection Time History . 61

56 MIM-74C Roll Angle and Aileron Time History . . . ...... 62

57 MQM-74C Longitudinal Separation Trajectory. ....... .. 63

58 MQM-74C Lateral Separation Trajectory ............ 64

59 MQM-74C Yaw Time Hisrory. . . . . ... ........... 65

60 MQM-74C Angle of Attack Time History ......... . . . . 66

61 MHQ-74C Pitch Attitude and Elevator Deflection Time History . 67

62 MQM-74C Roll Angle and Aileron Time History ......... 6c

63 hQM-74C Longitudinal Separation Trajectory. . .0. . . . . . . 69

64 HQM-74C Lateral Separation Trajectory . ........... 70

65 MQK-74C Yaw Time History. . . ... .......... . 71

66 MQM-74C Angle of Attack Time History . . . . . . . .... 72

67 MQI+-74C Pitch Attitude and Elevator Deflection Time History . 73

68 MQM-74C Roll Angle and Aileron Time History . . . ..... 74 I
69 MKM-74C Longitudinal Separation Trajectory. . ........ 75

70 MQM-74C Lateral Separation Trajectory . ..... ..... 76

71 MQK-74C Yaw Time History. . . ................ 77

72 M1M-74C Angle of Attack Time History . . . . . . . . . . . . 78

73 MQM-74C Pitch Attitude and Elevator Deflection Time History . 19

ix



NALC-74079-30

Ftgure No. Pag

74 MfM-74C Roll Angle and Aileron Time History .......... 80

75 MQM-74C Longitudinal Separation Trajectory. ......... 81

76 MQM-74C Lateral Separation Trajectory . .......... .82

77 4MK-74C Yaw Time History. . . . . . . . . . . . . . . . . . 83

78 MQM-74C Angle of Attack Time History. . . .. . . . . . . 84

79 MQM-74C Pitch Attitt~de and Elevator Deflection Time History . 85

80 MtM-74C Roll Angle and Aileron Time History . . . . . . . . 86

81 MQM-74C Longitudinal Scparacion Trajectory. . .0. . . . . . . 87

32 MQM-74C Lateral Separation Trajectory .. . .. .. . . . . 88

83 MQM-74C Yaw Time History . .. . .. .. .. . . . . . . . 89

84 MQM-74C Angle of Attack Time History. . .. . . . . . . . . .. 90

85 MQM-74C Pitch A:titude and Elevator Deflecrion Time History . 91

86 MQM-74C Roll Angle and Aileron Time Hijtory . a.0.. .. 92

87 MQM-74C Longitudinal Separation Trajectory. . . . .0. . . . . 93

88 MQM-74C Lateral Separation Trajectory .. .. .. . . . . . . 94

89 MQM-74C Yaw Time History ... .. . . . . .. . . . . . 95

90 MQM-74C Angle of Attack Time History . .. .. .. .. .. 96

91 MQ19-74C Pitch Attitude and Elevator Deflection Time History . 97

92 M1M-74C Roll Antle and Aileron Time History ......... 98

93 bQM-74C Lc.ngitudinal Separation ¶trajectory. . . . ..0. . .. 99

94 MQM-74C Lateral Separationi Trajectory .. .. . . . . . . . 100

95 MQM-74C Yaw Time History . .............. . . . . . . . 101

96 MQM-74C Angle of Attack Tim- Histor. . . . . . . .. ... 102

97 MOM-74C Pitch Attitude awd Elevator Deflection Time History . 103

98 9M1-74C Roll Angle and Aileron Time History 9... .... . 104



NADC- 74079-30

Figure No. Imse

99 MQM-74C Longitudinal Separation Trajectory, ...... . . . 105

100 HQM-74C Lateral Separation Trajectory ......... . . . . 106

101 QHM-74C Yaw Time History ............. . .... . . . 107

L02 MQN0-74C Angle of Atcack Time History ............ . . 108

1C3 M1M-74C Pitch Attitude and Elevator Deflectien Time History . . 109

104 HgQM-74C Roll Angle and Aileron Time History ........ . . 110 I
LIST OF TABLES

Table No. Pae

I Target Dimensional, Weight, and Fixed Installed Conditions * * 4

II MQ-74C Simulation Separation Study Digital Run Schedule . . . 8

xi

xi



NADC- 74079-30

INTRODU CT ION

This report presents an analv,.ois of th2 air launch separation characteris-
tics of the M4M-74C powered aerial target when released from a DC-130A launch
aircraft in straight and level flight. The MIM-74C is an uprated version of
the MQM-74A and is currently a ground-launched target.

The effects of variations in launch aircraft flight conditions similarly
usid for releasing ocher targets, for exssiple the BQM-34 type aerial vehicles,
as well as possible target malfunctions, on the air launch separation charac-
teristics were investigated.

This study was conaucted under the authority of reference (a).

The analysis was performed using a digital computer program to solve the
six-degree-of-freedom equations for the target moving relative to the aircratt.
The following inputs were required for the analysis:

1. Target carriage location relative to the ;tircraft

2. Target mass and inertia properties

3. Target launch aspects

4. Target autopilot and engine characteristics

5. Installed airloads

6. Free stream aerodynamic characteristics of the target

7. Aircraft interference flow field

8. Launch aircraft flight conditions at time of release.

The above items are treated in the following discussion. The selection of
aircraft flight conditions for the analysis is discussed albo. Each flight
condition is defined by true velocity, altitude, launch aircraft angle of
attack, and captive airloads on the target. The effect of varying each para-
meter is considered in the analysis.

The al. release and launch trajeLcories of the MIM-74C target are surinarized in
this report, with emphasis placel on target sepa:atton distance and target dynamics.
Analyses of position and angular rates are used to establish whether the target
drone actually does clear all DC-130A otructure components s~fely and rapiuly.

S IMUL ATION ANALYSIS DESCRIPTION

GENEkAL

Air launch characteristics were investigated using a ODC-6tO0 digital computer
and a generalized six-degree-of-freedonm simulation program. The digital
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program was structured to handle the MQM-,4C target. The MQM-74C physical
dimensions, free stream aerodynamics, autopilot and control logic, engine
performance characteristics including gyroscopic effects, and installed air-
loads were introdrced into the digital prcgram. Verification of the air-
frame dynamics was performed by comparing the Northrop analog simulation of
reference (b) with the NAVAIRDEJCEN (Naval Aft Development Center) digital
simulation. The flight conditions of case 8 in reference (b) were used to
compare with the NAVAIRDEVCEN simulation (autopilot on and engine off). Only
the short peviod frequency was of interest, since the target 3eparation is
coipleted in approximately 2 seconds. The short period frequency and damping
ratio from reterence (b) is 0.542 cycles/sec and 0.183, respectively, and com-
pared favorably to NAVAIRDLVCEN results of 0.56 and 0.19, respectively.

TARGET GENERAL DESCRIP'1ON

The general arrangemeint of the MQM-74C tatget is given in figure 1. The
Larget drone is a conventionally designed aircraft with a high wing of moderate
aspect ratio and inverted Y empennage. Control is accomplished by actuating
the elevators and ailerons. The nominal mass properties and )ther pertinent
data used in the analysis are in accordance with reference (c) and are pre-
sented in Table I.

TARGET CARRIAGE LOCATION

The MQM-74C target is suspended on launch pylons under the wings of the
DC-130A aircraft at four locations as shown in figure 2. The targets are
installed -3.0 degrees (nose down) with respect to the DC-130A fuselage refer-
e-7e line from all carriage stations and are parallel with the launch aircraft.
The target mounted on the inboard pylon of the right wing is used in the analy-
-.is and is considered to be representative of the counterpart on the left side
of the aircraft due to the syrnnetry of the configuration. The analysis is
limited to the inboard pylon target mounting because experience has shown this
location to be more critical for air launching.

FREE STREAM AERODYNAMICS

The target drone free stream aerodynamic data used in the analysis were
obtained from reference (b). The data are refzrenced to the 2arget wing area
of 8 't', target mean aerodynamic chord of 1.-L4 ft, and spar c-f 5.66 ft.
Moments are referenced to the 1/4 chord of the wing which corresponds to 0.935
ft aft of the torget's center of gravity at full weight. The data in the longi-
Ludinal axis are in the stability axes and in the lateral axes are indhe body
axes, as provideo by reference (b). The axes systeri and elevator and aileron
deflections used in the analyses are defined in reference (b).

ENGINE CHARACTERISTICS

The WR24-7 is a target drone turbojet engine. It is housed in the aft fusel-
age with the air intake duct on the underside of the fuselage. The engine
is mounted so that the thrust line is 0.4 inch above the horizontal reference
line of the target providing a pitch-down moment. Reference (c)

2
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TABLE I
TARGET DIMENSIONAL, WEIGHiT, AND

FIXED INSTALLED C•t"lTIONS

TARG17- PHYSICAL GHARACTERISTICS

Gross Weight - 414 lbs
Moment Reference Center of Gravity - 2.89 in. forward of the 1/4 chord

of the wing
Moment of laertia about X Axis = 3.7 3lug-ft&
Moment of Inectia about Y Axis - 79.4 slug-ft2 -
Moment of Inertia about Z Axis = 81.2 slug-ft2
Reference Area - 8 ft-2 (Wing Area)
Reference Length for Pitchiing and Yawing Moment = 1.44 ft (wing chord)

Reference Length for Rolling Moment - 5.66 ft (wing span)
Nose Location = 74.7 in. forward of C.G.
Tail Location - 151.1 in. aft of nose

AERODYNAMIC DATA

Axis System Definition - Reference (b)

SUSTAINER ENGINE DATA

Reference (c)

TARGET INSTALLED POSITION

Pitch attitude with respect to A/C Fuselage Reference Line -3 deg
Target C.G. Position with Respect to A/C C.G.

520 in. fuselage station
310 in. right wing station
197 in. water line station

4
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Sprovided the engine performance data ati a functioni of R.P& and velocity. SincLSthe engint will be at ful' thrust at 60,900 RPM, at launch, the data used are

for the noted RPM condition. The engir.e provides a gyroocopic moment whtchi"si., included in the torques an6 Is

Iu = 0.00208 X 2Tr X RPM/60

= 13.27 ft/Lbs sec, at launch

The engine has positive rotation about the in1gitudinal axis.

SALU'OPILOT CHARACTERISTICS

The WM-74C autopilot has a two-axis fligh. control system. Pitch and roll
attitudes, sensed by a vertical gyro, art fed th::ough a servo amplifier to the

elevators and ailerons, respectively, to achieve a closed loop control system.
The elevator and aileron actuators arc Liiiiulatud with a 0.05-second lag. Refer-

ence (b) provided the information needed to simulate the aUtopilot. Elevator
deflecL nh are limited to +12 degrees and aileron deflectiene are limited to±24 degre. '

INSTALLED AIRLOADS

The magnitude and direction oi the 'mQM-74C inGt.il.Ž airloads are an input
req(uired for the separation analysis. The installed airloads were determined
analytically for a number of DC-130A flight conditions within its flight
envelope. Reference (d) provided this information.

AIRCRAI'T FLOW FIELD

A certain amount of knowledge about the aircraft flow field is rnquired to
properly simulate the transition of the target from the carriage position to
the point where it is no longer influenced by the preseace of the a~rcraft.
The flow field beneath the DC-130A aircraft is determnined frow unpublished !

wind tunnel data and analytical techniques.

The -\..ind tunnel data provided downwash and sidwash as a function of
DC-130A angle of attack, wing station, and water line for one fuselage station.

The test data extended to the right wing station of 580 inches and water line
255 inches below the aircraft center of gravity. In order to complete the
flow field data for various fuselage stations, it was necessary to use analy-
" tical estimation methods. Referenceb (e) and kf) provided downwash angle trendsforward and aft for a few representative wings. Using the established t-ends

and correcting the analytical data with respect to the wind tunnel data, down.
wash argles for various fuselage stations along the wing station and water line
were determined. Since no analytical techniques were available to establish
sidewash angles for variou4 fuselage stations, it was decided to linearily
decay to zero this angle with respect to fuselage location. This assumption

is considered to be adequate as other separation studies have shown this para-

meter to have little or no effect on the target separation from the aircraft.

6
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SEPARATION ANAIYSIS CONDITIONS

The analysis was performed with the launch aircrafý. maintaining level
flight and constant speed. An aircraft gross weight of 110,000 pounds with
a center of gravity at 24 percent MAC was used as a typical flight condition.
Table II provides a listing of the conditions analyzed.

Flig1 Conditions and Configurations

Systematic velocity variation at constant altitudes aid altitude varia-
tions at constant velocity were performed to determine critical %?locity-
altitude regions for release. These altitudes and velocities were within the
DC-130A flight envelope. Flow field effects including correction factors of
+2.0 degrees were examined to ascertain the effect of the downrash analytical
estimates on the target separation characteristics. Autopilot and engine
failure in combination were investigated. Target launching as the aircraf"
sideslipped at 5 degrees was examined to determine if contact in the lateral
plane was possible.

R E S U L T c

The target trajectories resulting from the previously de;scribed analysis
including time histories of lateral plane motion, angle of atvack, heading
angle, pitch attitude, control surface deflections, roll angle, and for some

cases pitch rate and flight path angle are shown in figures 3 through 104 to
substantiate the conclusions made. These figures are automatic Calcomp machine
plots to facilicate data acquisition and reduction from the extensive digital
printout. The longitudinal separation trajectories were represented by the
target nose, center of gravity, and tail locations with a line connecting these
points. Locating the target dimensionr in this manner helps to better visual-

ize graphically the separation process.

The digital simulation ran for 3 siconds for most launch conditions
analyzed. This time span allows for adequate target separation distance to be
developed so that the flow field is cleared and vehicle instabilities are taken
into account. In cases where the target instability exceeded available digital
input data, decreased simulation time was used but of sufficient length to
determine separation characteristics.

Most digital simulation cases noted in Table II were conducted with the
DC-130A flow field and autopilot and engine operating. With the exception of
those cases that are noted in the remarks section of the table, these condi-
tions always exist.

FLOW FIELD EFFECT

Figures 3 through 14 show the effect of the aircraft flow field on the
target separating from the DC-130A. Very little difference is found in the
target trajectory due to the flow field. At the end of 3 seconds of the
trajectory, figures 3 and 9 indicate an increased 2-foot drop with the flow
field on. The increase in separation distance is attributable to the down-
warJ installed normal force coefficient (See Table II for cases I and 2 with
and without flow field, respectively). Even though the target pitch attitude
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is increasing and developing higher lift for case 2, the negative installed 4

normal force is such that it counturs the free stream lift force but only to
the increase noted above. Once the target clears the flow field, in approxi-
mately 1.5 seconds, the autopilot commands the target successfully to -5
degrees pitch attitude.

AIRSPED EFFECT

The effect of varying the launch airspeed on target separation from the
DC-130 launch aircraft is shown in figures 9 through 26 for an altitude of
10,000 feet. Airspeeds of 160, 200, and 235 knots were investigated. In all
cases, as the launch airspeed iacreases so does the rate of separation of O'e
target from the launch pylon. This separation condition is encountered due to

the installed force coefficients, the. DC-130A flMght condition, and the LargeL
installed position on the pylon (-3 'egrees with respect to the aircraft fusel-
age reference line). The installed coefficients vary as the DC-130A flight
condition is changed. As the DC-130A flies faster, the angle of attack for a
given gross weight and center of gravity location decreases, thereby mnodifyinr
the installed force coefficients. Thus, in effect, the target installed posi-
lion and its increased negative angle of attack results in an increased neg;a-
rive installed normal force coefficient. This force coefficient is more pra-
minent than the other installed coefficients and affects the target separation
distance from the launch aircraft.

ALTITUDE EFFECT

The effects of altitude variation on target separation were investiatec(
for altitudes of 5000, 10,000 and 15,000 ft, and are presented in fitzres 27 I
through 38 and figures 9 through 14. Since previous results showed little dif-
ference in separation due to launch airspeed, a nominal value of 200 knots -.!as
chosen. These results indicate that as altitude increases so does tho separr-
tion distance. Initially, however, the target separation distance and pitch
rate are larger for the lower launch altitudes than for the higher launch alti-
tudes. The installed nor,,al force coefficient contributes ro the increased
separation distance at the lower altitude but the target also experiences a
large positive pitch rate, because of the larger dynamic pressure, which effec-
tively offsets the separation distance gain at the lower altitudes. Figures 39

through 41 show the pitch rate and figures 31, 13, and 37 show the pitch atti-
tude for the three noted altitudes. At the higher alt 4 -urle, the increased pitch
down attitude (when compared to the lower altitude) r .ts in a !ireeper ne,-a-
tive flight path. This steep flight path angle then actively increases angle
of attack because the target is dropping faster as a . ult of lower dynamic
pressure. Figures 42 throts'h 44 show the flight path time history and i:igures
30, 12, and 36 show the angle of attack time history.

AUTOPILOT PITCH COMMAND EFFECT

The effect of increasing autopilot pitch coninand from zero to -8 degrees
* on the separation characteris~ics was examined. The results are as one would
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expect; the larger negative pitch command improves the separation characteris-

tics. Figures 9 through r4 for the -5 degrees pitch eomini and figures 45
through 57 for zero and -8 degrees pitch command, respectively, present the
results.

FLOW FIELD CORRECTION FACTOR

The flow field information was compiled from wind tunnal data and analyti-
cal estimates as discussed earlier in this report. To assure more confidenct
in the flow field data, downwash angle correction factors of +2 degrees were
investigated to determine their effects on the separation characteristics.
The installed aerodynamic coefficien•s were detern.liied for the two correction

factors and are noted in Table II for cases 9 and 10. Upwash angle, -2 degrees,
indicated a reduction in separation distance when compared to the downwash angle,
2 degrees. These results are presented in figures 9 through 14 for no flow

field correction factor and figures 57 through 68 for the noted downwash angles.

SIDESLIP ANGLE EFFECT

The effect of launch aircraft sideslip angle on the launch trajectory of
the target was also examined. This mode of launch was selected to illustrate an
out of pitch plane separation. A 5 degree sideslip condition was chosen to be
a representative launch flight condition. Figures 69 through 74 illustrate the
results of the analysis of sieeslipping effects. The parameter to note is
lateral displacenent, figure 70, which shows thac the target is pushed inboard
from the pylon but the results are minor. The effect of sideslip on ve-tical
and longitudinal displacement of the target is much more evident than tie small
lateral effect shown.

AUTOPIL(T AND ENGINE FAILURE MODES EFFECT

The previous separation analyses were performed with the autopilo: and
engine both operating. The possibilities of more adverse situations might pre-
vail during separation, and these were taken into consideration. Several criti-
cal contingencies were investigated, as follows:

i. Autopilot inoperative and engine off

2. Autopilot inoperative and engine on

3. Elevator fixed in the full-up position with the engine on

4. Aileron fixed in two full positions; one position generates a clockwise
roll of the target, and the other position generates a counterclockwise roll of
the target, with engine on.

Figures 75 through 80 show the results of t',c zimulation in which the auto-
pilot was inoperative and engine power off (case 12, Table (II). The trajectory
results show that tb- target clears the pylon and drops back from its installed
position. Since the .get is statically stable, a pitch down attitude is
observed without large oscillation. (see figure 79). The more critical separa-
tion condition of autopilot inactive with engine on (case 13, Table (II) is
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shown in figures 81 through 86. Here again, Lhe Larget: safely clears the
launch pylon. With the engine power on, the vehicle is no longer statically
stable and thus the target experiences pitch attitude and angle of attaci'
oscillationu (see figures 35 and 84). In addition, the engine produces a roll
torque that forces the target to roll unstable (see figure 86). However, therse
target angular oscillations do not interfere with the launch aircraft.

Results from the simulated malfunctioning autopilot control system, acLually
a simulation of locked control surfaces at their maximum trove! position lim.ts,
are given in figures 87 through 104. The elevator surface locked in full up
position case (case 11, Table II) shows that: the target nlears the pylon. Lue
to the full elevator deflection, the target pitches up in an unstable fasihion.
Figures 87, 88, 90 and 91 show the separation trajectory, angle of attack time
history, and pitch attitude time history, respectively. Simulation of the
ailerons locked in position that causes the target to roll clockwise for one
case (case 14, Table II) and roll counter clockwise for the other case (case 'i,
Table II) indicates that separation may be marginal. The trajectory separation
shown in figures 99 and 100 indicates that the target clears the pylon. However,
during that time the target rolls approximately 150 degrees, see figures 98 and
104. This results in the wing clearing the pylon by abouý 3.5 feet. C'onsider-
ing the method by which the flow field was determined, the clearance is itot

adequate to justify launching the target with ailerons locked in a fully
deflected position.

C0NCLUS IONS

The following conclusions were reached based on the digital simulated
analysis:

1. The MQI-74C target separation characteristics were found to be acco•t-
able for the range of DC-130A launch aircraft flight conditions normally used
for air launching other powered aerial targets, such as the BQM-34 type targets.

2. The simulation with the ailerons at their fully deflected posiLions
indicates that target separation characteristics may be marginal. Because of
the extreme aileron positions, the target experiences high roll rates and sub-
sequent roll angles of 150 degrees in a period of 0.5 second, which resuits in
the target wing clearing the DC-130A launch pylon by only 3.2 feet.

3. The target separatioii with the elevators at their fully d•) Lected posi..
tions presents no problen with regard to aircraft contact. However, the target
is unstable for this lauach mode.

4. The resulý of laknchi~ii the tarnget at varioUs true airspeeds of 160,
ar: 235 knots at 10,OoO feet show that as Launch airspeed increases 'o

i:oes the rate of 5eparation. However, i.te separation distances for the three
airspeeds show small ditierences.

5. The cffecc aof AliJAc- variations, iconi 5,000 to 15,000 feet, on target
separation 4or a nomnin•l la -.ch airspeed oi 200 knotb show that as altitude
Lncreases • does the -iparD.'..on di aicý-,
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6. DC-130A aircraft flow fields edfecg or Larget separation characteris-.

tics, including downwash correctiun factors of -Y2 degrees were not appreciable.

7. Launching the target while the DC-.130A ai-ccraft is sideslipping 5degrees presents no problem with regard to safe target separati.'on.

R ECO0M M SND AT 1 0N S

1. It is recoimnended that the MQH-74C be laun;.hed from the DC,130A air.-
craft at a nominal flight launch condition of 200 knots true airspeed and
10,000-foot altitude.

2. Laanching the target with its aileroos fulJy deflected from Lhe DC-130A
aircraft is not recomiended.

3. Provisions should be provided JXL Lhe DO-. 10A aircraft to assure the
proper operating conditions of the MQM-74C target prior to launch.
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